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1
OPTICAL MODULE, ELECTRONIC DEVICE,
FOOD ANALYZER, SPECTROSCOPIC
CAMERA, DRIVING METHOD OF
WAVELENGTH VARIABLE INTERFERENCE
FILTER

BACKGROUND

1. Technical Field

The present invention relates to an optical module, an
electronic device, a food analyzer, and a spectroscopic cam-
era which include a wavelength variable interference filter,
and a driving method of the wavelength variable interference
filter.

2. Related Art

A known wavelength variable interference filter includes a
pair of substrates that are opposite to each other, reflection
films which are respectively disposed on each substrate so as
to be opposite to each other, and electrodes which are respec-
tively disposed on each substrate so as to be opposite to each
other (for example, refer to JP-A-1-94312).

In the wavelength variable interference filter disclosed in
JP-A-1-94312, electrodes for a capacitance monitor which
are opposite to each other and electrodes for applying an
electrostatic force (electrostatic actuator) which are opposite
to each other are disposed on each substrate. In the wave-
length variable interference filter, a gap amount (interval size)
between the reflection films is changed by applying a voltage
to the electrostatic actuator by a control circuit. In addition,
the electric potentials of the electrodes for the capacitance
monitor are detected by a capacitance detection circuit, a fine
adjustment (a feedback control) is performed to the voltage,
which is applied to the electrostatic actuator from the control
circuit, based on the detected capacitance, and thus, the
amount of the gap between the reflection films can be setto a
desired target value.

Incidentally, in the wavelength variable interference filter
disclosed in JP-A-1-94312, the amount of the gap between
the reflection films is controlled by applying the voltage to the
electrostatic actuator by the control circuit.

However, in the electrostatic actuator, a displacement
amount (sensitivity) of an interelectrode gap with respect to
the applied voltage is nonlinearly changed according to the
amount of the interelectrode gap. Therefore, even when a gain
of the control circuit which controls the voltage of the elec-
trostatic actuator is optimally set to the sensitivity of a certain
interelectrode gap, if the interelectrode gap is greatly
changed, the sensitivity of the electrostatic actuator is difter-
ent, and thus, a suitable control cannot be performed. That is,
there is a problem in that the control circuit functions accord-
ing to the gain in which the interelectrode gap is set to only the
case of the limited narrow range.

On the other hand, a configuration is also considered in
which the gain of the control circuit is changed according to
the amount of the interelectrode gap and the control circuit
optimally functions with respect to a wider gap range. How-
ever, in this case, there is a problem that the system for
realizing the variable gain is complicated.

SUMMARY

An advantage of some aspects of the invention is to provide
an optical module, an electronic device, a food analyzer, a
spectroscopic camera, and a driving method of a wavelength
variable interference filter capable of accurately realizing a
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2

fine adjustment of a gap amount with respect to a wide gap
range of a gap between reflection films by a simple configu-
ration.

An aspect of the invention is directed to an optical module
including: a wavelength variable interference filter which
includes two reflection films opposite to each other across a
gap between the reflection films and an electrostatic actuator
portion which changes an amount of the gap between the
reflection films by applying a voltage; and a voltage control
portion which controls voltage which is applied to the elec-
trostatic actuator portion, wherein the electrostatic actuator
portion includes a first electrostatic actuator and a second
electrostatic actuator which can be driven independently of
each other, and the voltage control portion includes: a bias
voltage applying unit which applies a preset bias voltage to
the first electrostatic actuator; a gap detection unit which
detects the amount of the gap between the reflection films;
and a feedback voltage applying unit which applies feedback
voltage corresponding to the gap amount which is detected by
the gap detection unit to the second electrostatic actuator.

According to the aspect of the invention, the electrostatic
actuator portion which changes the gap between the reflection
films is provided in the wavelength variable interference fil-
ter, and the electrostatic actuator portion includes the first
electrostatic actuator and the second electrostatic actuator
which can be driven independently of each other.

In addition, the bias voltage applying unit of the voltage
control portion applies the bias voltage to the first electro-
static actuator. Moreover, the feedback voltage applying unit
applies the feedback voltage to the second electrostatic actua-
tor so that the gap (detected gap) between the reflection films
detected by the gap detection unit is a target gap amount of the
gap between the reflection films.

Here, the bias voltage becomes the voltage which is preset
according to a wavelength of the light extracted by the wave-
length variable interference filter, that is, according to the
target gap amount of the gap between the reflection films.
Moreover, in this case, the gap between the reflection films is
set to the target gap amount by applying the bias voltage and
the feedback voltage. Therefore, the bias voltage of this case
becomes a voltage which is smaller than the drive voltage of
the first electrostatic actuator when the gap between the
reflection films is set to the target gap amount by driving only
the first electrostatic actuator.

Generally, a smaller gap between the reflection films
results in a larger sensitivity (a displacement amount of an
interelectrode gap with respect to applied voltage) of the
electrostatic actuator. Therefore, when an analog controller,
in which gain is constant, is used as a voltage controller which
applies the feedback voltage, a gap range which can accu-
rately adjust the gap between the reflection films becomes
narrow since the gap range is limited to a range which can be
adjusted to a constant gain. Moreover, when a digital control-
ler is used as the voltage controller which applies the feed-
back voltage, since an appropriate gain can be easily set
according to a sensitivity change of the electrostatic actuator
by signal processing, a circuit which changes the gain is not
necessary. However, a smaller interelectrode gap also results
in a higher sensitivity of the electrostatic actuator, and thus, it
is necessary to set a more minute voltage value by a D/A
converter. Thereby, a bit number of the D/A converter
increases, and thus, the costs increase.

On the other hand, in the aspect of the invention, since the
bias voltage is applied to the first electrostatic actuator, the
sensitivity when the feedback voltage is applied to the second
electrostatic actuator by the feedback voltage applying unit
can be decreased, and fine adjustment of the gap amount at the
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time of the feedback control can be easily performed.
Thereby, in a state where the gain in the feedback voltage
applying unit is fixed so as to be constant, the fine adjustment
of a highly accurate gap amount can be performed with
respectto a wide gap range. Moreover, since the configuration
which changes the gain is not necessary in the feedback
voltage applying unit, simplification of the configuration can
be achieved.

Moreover, even in the configuration in which a digital
controller is used as the feedback voltage applying unit and
voltage is applied to the second electrostatic actuator, since
the bit number in the D/A converter can be decreased, low
costs can be achieved.

In the optical module according to the aspect of the inven-
tion, it is preferable that the bias voltage applying unit applies
bias voltage, in which the feedback voltage to displace the gap
between the reflection films to a predetermined gap amount
becomes a predetermined voltage value, to the first electro-
static actuator.

In this configuration, when the feedback voltage is applied
to the second electrostatic actuator by the feedback voltage
applying unit, the bias voltage is applied so that the feedback
voltage to displace the gap between the reflection films by a
predetermined unit gap amount is a constant predetermined
voltage value regardless of the amount of the gap between the
reflection films. That is, when the feedback control is per-
formed by the feedback voltage applying unit, the bias volt-
age is applied to the first electrostatic actuator so that the
sensitivity is constant.

Thereby, the feedback control can be performed by con-
stant sensitivity regardless of the amount of the gap between
the reflection films. Therefore, the setting of the feedback
voltage at the time of the feedback control is easily per-
formed, and a more highly accurate feedback control can be
performed.

In the optical module according to the aspect of the inven-
tion, it is preferable that the wavelength variable interference
filter includes: a first substrate on which one of two reflection
films is provided; and a second substrate which is provided so
as to be opposite to the first substrate and on which the other
one of two reflection films is provided, the first electrostatic
actuator preferably includes: a first electrode which is pro-
vided on the first substrate; and a second electrode which is
provided on the second substrate and is opposite to the first
electrode across a gap, the second electrostatic actuator pref-
erably includes: a third electrode which is provided on the
first substrate; and a fourth electrode which is provided on the
second substrate and is opposite to the third electrode across
a gap, and when a spring coefficient of the second substrate is
k, permittivity of the gap is €, an area of a region in which the
first electrode and the second electrode are overlapped with
each other in a plan view when viewed from the thickness
directions of the substrates of the first substrate and the sec-
ond substrate is S,, an area of a region in which the third
electrode and the fourth electrode are overlapped with each
otherin the plan view is S_, an initial gap amount, which is the
amount of the gap in a state where voltage is not applied to the
first electrostatic actuator and the second electrostatic actua-
tor, is d,, ., a displacement amount from the initial gap
amount of the gap to extract light of a target wavelength by the
wavelength variable interference filter is d, and sensitivity of
the second electrostatic actuator to displace the gap by a
predetermined amount is R, the bias voltage applying unit
preferably applies a bias voltage V,, which satisfies the fol-
lowing Equation (1), to the first electrostatic actuator.
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For example, as the setting of the bias voltage, the bias
voltage is measured in advance with respect to the target gap
amount for extracting the light of the target wavelength from
the wavelength variable interference filter, and the bias volt-
age with respect to the gap amount may be stored in a storage
unit such as a memory as table data. However, in this case,
when the set width of the target gap amount which can be set
is a wide range, the data amount is increased, and thus, it is
considered that a large capacity of memory is needed to store
the data.

On the other hand, in the configuration described above,
since the bias voltage is set based on Equation (1), the above-
described problems can be avoided, and a large capacity of
memory is not needed, and thus, simplification of the con-
figuration is achieved. Moreover, based on Equation (1), cor-
rect bias voltage can be easily set with respect to the sensi-
tivity of the second electrostatic actuator to be set.

In the optical module according to the aspect of the inven-
tion, it is preferable that the feedback voltage applying unit
applies analog voltage to the second electrostatic actuator.

In this configuration, the feedback voltage applying unit
applies analog voltage as the feedback voltage to the second
electrostatic actuator. Here, the analog voltage described in
this case is voltage which is output by an analog controller
having a constant gain.

When the analog voltage is applied, the gain for controlling
the voltage value is needed. However, in this case, as
described above, in the state where the gain is fixed, fine
adjustment of the gap between the reflection films by a highly
accurate feedback control can be performed with respect to a
wide gap range. Moreover, the configuration which changes
the gain is not needed, and thus, low costs can be achieved.

In the optical module according to the aspect of the inven-
tion, it is preferable that the feedback voltage applying unit
applies digital voltage to the second electrostatic actuator.

In this configuration, the feedback voltage applying unit
applies digital voltage as the feedback voltage to the second
electrostatic actuator. Here, for example, the digital voltage
described in this case is voltage which is output from a digital
controller having a D/A converter or the like which converts
digital signals to analog voltage.

With this configuration, as described above, since the bias
voltage is applied to the first electrostatic actuator, the sensi-
tivity of the second electrostatic actuator can be decreased,
and thus, voltage resolution of the feedback voltage which is
applied to the second electrostatic actuator can be decreased.
Thereby, the bit number in the D/A converter can be
decreased, and thus, low costs can be achieved.

In the optical module according to the aspect of the inven-
tion, it is preferable that the wavelength variable interference
filter includes: a first substrate which is provided on one of
two reflection films; a second substrate which is provided so
as to be opposite to the first substrate and provided on the
other one of two reflection films; a first capacitance detection
electrode which is provided on the first substrate; and a sec-
ond capacitance detection electrode which is provided on the
second substrate and is opposite to the first capacitance detec-
tion electrode across a gap, and the gap detection unit pref-
erably detects the amount of the gap between reflection films
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based on an electric charge which is held in the first capaci-
tance detection electrode and the second capacitance detec-
tion electrode.

In this configuration, the gap detection unit detects the
electric charge which is held in the first capacitance detection
electrode provided on the first substrate and the second
capacitance detection electrode provided on the second sub-
strate, and thus, the gap detection unit detects the amount of
the gap between the reflection films.

In this configuration, by a simple configuration in which
only electrodes opposite to each other are provided between
each substrate, the amount of the gap between the reflection
films can be easily detected.

In the optical module according to the aspect of the inven-
tion, it is preferable that the first capacitance detection elec-
trode is one of the two reflection films, and the second capaci-
tance detection electrode is preferably the other one ofthe two
reflection films.

In this configuration, one of two reflection films functions
as the first capacitance detection electrode and the other func-
tions as the second capacitance detection electrode. In this
case, for example, it is not necessary to provide an electrode
for configuring the separate first capacitance detection elec-
trode and second capacitance detection electrode other than
the reflection film or the electrostatic actuator portion, and
thus, simplification of the configuration is achieved. More-
over, since the gap between the reflection films is detected by
the capacitance between two reflection films, for example,
compared to a case where the capacitance detection electrode
is provided at a position away from the reflection film of the
first substrate or the second substrate, a more accurate gap
between the reflection films can be detected.

In the optical module according to the aspect of the inven-
tion, it is preferable that the second electrostatic actuator is
positioned at a position further away from the first capaci-
tance detection electrode and the second capacitance detec-
tion electrode than the first electrostatic actuator in a plan
view when the wavelength variable interference filter is
viewed from the thickness direction of the reflection film.

In this configuration, the second electrostatic actuator to
which the feedback voltage is applied is positioned at the
position further away from the first capacitance detection
electrode and the second capacitance detection electrode than
the first electrostatic actuator to which the bias voltage is
applied. For example, like this case, when the two reflection
films opposite to each other are the first capacitance detection
electrode and the second capacitance detection electrode, the
first electrostatic actuator is disposed outside the refection
films, and the second electrostatic actuator is disposed further
outside of the first electrostatic actuator.

The feedback voltage which is applied to the second elec-
trostatic actuator may include high frequency components.
Therefore, when the second electrostatic actuator is disposed
near the first capacitance detection electrode or the second
capacitance detection electrode, crosstalk may occur, and
thus, there is a concern that gap detection accuracy may be
decreased due to the gap detection unit. On the other hand, in
this case, since the second electrostatic actuator is disposed at
the position away from the first capacitance detection elec-
trode or the second capacitance detection electrode, the influ-
ence of the crosstalk can be suppressed, and a decrease of the
gap detection accuracy due to the gap detection unit can be
suppressed.

In the optical module according to the aspect of the inven-
tion, it is preferable that the first capacitance detection elec-
trode and the second capacitance detection electrode are elec-
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6

trodes which configure at least one of the first electrostatic
actuator and the second electrostatic actuator of the electro-
static actuator portion.

In this configuration, the electrode (first electrode and sec-
ond electrode) which configures the first electrostatic actuator
or the electrode (third electrode and fourth electrode) which
configures the second electrostatic actuator function as the
first capacitance electrode and the second capacitance detec-
tion electrode. Also in this case, compared to the configura-
tion in which where the separate first capacitance detection
electrode and second capacitance detection electrode other
than the reflection film or the electrostatic actuator portion are
provided, simplification of the configuration is achieved.

In the optical module according to the aspect of the inven-
tion, it is preferable that the first electrostatic actuator
includes at least two or more partial actuators which can be
driven independently of each other.

In this configuration, the first electrostatic actuator
includes two or more partial actuators. Therefore, for
example, when the first electrostatic actuator is divided into
two partial actuators, control can be performed in which the
bias voltage is applied to one partial actuator and the feedback
voltage based on the gap amount detected by the gap detec-
tion unit is applied to other partial actuator. Moreover, in a
configuration which includes three or more partial actuators,
after the bias voltage is applied to one partial actuator, the
feedback voltage is applied to the other partial actuator, and
thereafter, the feedback voltage can be further applied to the
remaining partial actuator.

In above-described each configuration, even when voltage
change due to noise or the like occurs in the first electrostatic
actuator, the gap change can be suppressed by controlling the
feedback voltage which is applied to the second electrostatic
actuator. However, if the noise is increased, the control of the
feedback voltage with respect to the second electrostatic
actuator is not fully performed, and thus, it is also considered
that the amount of the gap between the reflection films is
slightly changed. On the other hand, in this case, the first
electrostatic actuator is divided into a plurality of partial
actuators, the influence of the noise can be decreased by
controlling the bias voltage and the feedback voltage as
described above, and thus, a more highly accurate voltage
control in which the change of the gap amount is suppressed
can be performed.

In addition, when the voltage output from a D/A converter
is applied to the first electrostatic actuator, since the first
electrostatic actuator is divided into the plurality of partial
actuators, the voltage resolution of the D/A converter can be
decreased. Therefore, the bit number ofthe D/A converter can
be decreased, and thus, low costs of the optical module can be
achieved.

Another aspect of the invention is directed to an electronic
device including: a wavelength variable interference filter
which includes two reflection films opposite to each other
across a gap between the reflection films and an electrostatic
actuator portion which changes an amount of the gap between
the reflection films by applying a voltage; and a voltage
control portion which controls voltage which is applied to the
electrostatic actuator portion, wherein the electrostatic actua-
tor portion includes a first electrostatic actuator and a second
electrostatic actuator, and the voltage control portion
includes: a bias voltage applying unit which applies preset
bias voltage to the first electrostatic actuator; a gap detection
unit which detects the amount of the gap between the reflec-
tion films; and a feedback voltage applying unit which applies
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feedback voltage corresponding to the gap amount which is
detected by the gap detection unit to the second electrostatic
actuator.

In this configuration, since the bias voltage is applied to the
first electrostatic actuator by the bias voltage applying unit,
the sensitivity at the time of the voltage applying when the
feedback voltage is applied by the feedback voltage applying
unit can be decreased. Thereby, the fine adjustment of a
highly accurate gap amount can be performed with respect to
awide gap range. Therefore, the light of the target wavelength
can be extracted from the wavelength variable interference
filter with high accuracy, and various processing can be per-
formed with higher accuracy based on the extracted light in
the electronic device.

Moreover, as the feedback voltage applying unit, the con-
figuration which changes the gain, the D/A converter having
a large bit number, or the like is not needed, simplification of
the configuration and low costs can be achieved. Therefore,
costs in the electronic device can be also decreased.

Still another aspect of the invention is directed to a food
analyzer including: a wavelength variable interference filter
which includes two reflection films opposite to each other
across a gap between the reflection films and an electrostatic
actuator portion which changes an amount of the gap between
the reflection films by applying a voltage; a voltage control
portion which controls voltage which is applied to the elec-
trostatic actuator portion; a detection portion which detects
light extracted by the wavelength variable interference filter;
a storage portion which stores information related to a spec-
trum of a component of food; and an analyzing portion which
calculates a spectrum from the light detected by the detection
portion and performs a component analysis of the food based
on the information stored in the storage portion, wherein the
voltage control portion includes: a bias voltage applying unit
which applies preset bias voltage to the first electrostatic
actuator; a gap detection unit which detects the amount of the
gap between the reflection films; and a feedback voltage
applying unit which applies feedback voltage corresponding
to the gap amount which is detected by the gap detection unit
to the second electrostatic actuator.

In this configuration, similar to the above-described
aspects, since the bias voltage is applied to the first electro-
static actuator by the bias voltage applying unit, the change of
the sensitivity at the time of the voltage applying when the
feedback voltage is applied by the feedback voltage applying
unit can be decreased. Thereby, the fine adjustment of a
highly accurate gap amount can be performed with respect to
a wide gap range.

Therefore, the light of the wavelength corresponding to the
component to be analyzed of food can be extracted from the
wavelength variable interference filter with high accuracy,
and the component analysis of the food can be performed with
high accuracy by the analyzing portion.

Moreover, as the feedback voltage applying unit, the con-
figuration which changes the gain, the D/A converter having
a large bit number, or the like is not needed, simplification of
the configuration and low costs in a food analyzer can be
achieved.

Yet another aspect of the invention is directed to a spectro-
scopic camera including: a wavelength variable interference
filter which includes two reflection films opposite to each
other across a gap between the reflection films and an elec-
trostatic actuator portion which changes an amount of the gap
between the reflection films by applying a voltage; a voltage
control portion which controls voltage which is applied to the
electrostatic actuator portion; an imaging portion which
images light transmitting the wavelength variable interfer-
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ence filter; and a plurality of lenses which guide image light of
an object to be measured to the imaging portion through the
wavelength variable interference filter, wherein the voltage
control portion includes: a bias voltage applying unit which
applies preset bias voltage to the first electrostatic actuator; a
gap detection unit which detects the amount of the gap
between the reflection films; and a feedback voltage applying
unit which applies feedback voltage corresponding to the gap
amount which is detected by the gap detection unit to the
second electrostatic actuator.

In this configuration, similar to the above-described
aspects, since the bias voltage is applied to the first electro-
static actuator by the bias voltage applying unit, the change of
the sensitivity at the time of the voltage applying when the
feedback voltage is applied by the feedback voltage applying
unit can be decreased. Thereby, fine adjustment of a highly
accurate gap amount can be performed with respect to a wide
gap range.

Therefore, the light (spectroscopic image light) of the
desired wavelength can be accurately extracted from the light
(image light) incident to the wavelength variable interference
filter through the plurality of lenses, and a correct spectro-
scopic image can be imaged with respect to a desired wave-
length in the imaging portion.

Moreover, as the feedback voltage applying unit, the con-
figuration which change the gain, the D/A converter having a
large bit number, or the like is not needed to use, simplifica-
tion of the configuration and low costs in the spectroscopic
camera can be achieved.

Still yet another aspect of the invention is directed to a
driving method of a wavelength variable interference filter
which includes two reflection films opposite to each other
across a gap between the reflection films and an electrostatic
actuator portion which changes an amount of the gap between
the reflection films by applying a voltage, in which the elec-
trostatic actuator portion includes a first electrostatic actuator
and a second electrostatic actuator, wherein the driving
method of a wavelength variable interference filter includes:
applying preset bias voltage to the first electrostatic actuator;
detecting the amount of the gap between the reflection films;
and applying feedback voltage corresponding to the gap
amount which is detected by the detecting gap to the second
electrostatic actuator.

In this configuration, in the state where the bias voltage is
applied to the first electrostatic actuator by the applying the
bias voltage, the detecting of the amount of the gap between
the reflection films is performed, and the feedback voltage
corresponding to the gap amount detected by the detecting is
applied to the second electrostatic actuator by the applying
the feedback voltage. Thereby, in the application of the feed-
back voltage, the change of the sensitivity at the time of the
voltage applying can be decreased. Thereby, the fine adjust-
ment of a highly accurate gap amount can be performed with
respect to a wide gap range, and the light of the target wave-
length can be accurately extracted from the wavelength vari-
able interference filter.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

FIG. 1 is a block diagram showing a schematic configura-
tion of a spectroscopic measurement device of a first embodi-
ment according to the invention.

FIG. 2 is a block diagram showing a schematic configura-
tion of an optical module of the first embodiment.
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FIG. 3 is a plan view showing a schematic configuration of
a wavelength variable interference filter of the first embodi-
ment.

FIG. 4 is a plan view when a fixed substrate is viewed from
a movable substrate side in the first embodiment.

FIG. 5 is a plan view when the movable substrate is viewed
from the fixed substrate side in the first embodiment.

FIG. 6 is a flowchart showing a driving method of the
wavelength variable interference filter in a spectroscopic
measuring process of a spectroscopic measurement device of
the first embodiment.

FIG. 7 is a view showing an equivalent circuit model of an
electrostatic actuator portion in the first embodiment.

FIGS. 8A and 8B are views illustrating sensitivity of a
second electrostatic actuator at the time of a feedback control.

FIG. 9 is a conceptual view of the feedback control of the
embodiment.

FIG. 10 is a plan view showing a schematic configuration
of a wavelength variable interference filter according to a
third embodiment.

FIG. 11 is a schematic view showing a colorimetry device
which is an example of an electronic device of the invention.

FIG. 12 is a schematic view showing a gas detection device
which is an example of an electronic device of the invention.

FIG. 13 is a block diagram showing a configuration of a
control system of the gas detection device of FIG. 12.

FIG. 14 is a view showing a schematic configuration of a
food analyzer which is an example of an electronic device of
the invention.

FIG. 15 is a view showing a schematic configuration of a
spectroscopic camera which is an example of an electronic
device of the invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

Hereinafter, a first embodiment according to the invention
will be described with reference to the drawings.
Configuration of Spectroscopic Measurement Device

FIG. 1 is a block diagram showing a schematic configura-
tion of a spectroscopic measurement device of the first
embodiment according to the invention.

A spectroscopic measurement device 1 is an example of an
electronic device of the invention, and is a device which
analyzes light intensity having a predetermined wavelength
in light to be measured which is reflected by an object to be
measured X and measures an optical spectrum. Moreover, in
the embodiment, the example is described in which the light
to be measured which is reflected by the object to be measured
X is measured. However, for example, when a light-emitting
body such as a liquid crystal panel is used as the object to be
measured X, the light which is emitted from the light-emitting
body may be the light to be measured.

As shown in FIG. 1, the spectroscopic measurement device
1 includes an optical module 10, a detector 11 (detection
portion), an I-V converter 12, an amplifier 13, an A/D con-
verter 14, and a control portion 20. Moreover, the optical
module is configured so as to include a wavelength variable
interference filter 5 and a voltage control portion 15.

The detector 11 receives light which transmits through the
wavelength variable interference filter 5 of the optical module
10 and outputs detection signals (current) corresponding to
the light intensity of the received light.

The I-V converter 12 converts the detection signals input
from the detector 11 to a voltage value and outputs the voltage
value to the amplifier 13.
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The amplifier 13 amplifies the voltage (detection voltage)
corresponding to the detection signals which are input from
the I-V converter 12.

The A/D converter 14 converts the detection voltage (ana-
log signals), which is input from the amplifier 13, to digital
signals and outputs the digital signals to the control portion
20.

The voltage control portion 15 drives the wavelength vari-
able interference filter 5 based on the control of the control
portion 20 and transmits light having a predetermined target
wavelength from the wavelength variable interference filter 5.
Configuration of Optical Module

Next, a configuration of the optical module 10 will be
described below.

FIG. 2 is a block diagram showing a schematic configura-
tion of the optical module 10.

As described above, the optical module 10 is configured so
as to include the wavelength variable interference filter 5 and
the voltage control portion 15.

Configuration of Wavelength Variable Interference Filter

The wavelength variable interference filter 5 of the optical
module 10 will be described below. FIG. 3 is a plan view
showing a schematic configuration of the wavelength variable
interference filter 5. FIG. 4 is a plan view when a fixed
substrate 51 is viewed from a movable substrate 52 side. FIG.
5 is a plan view when the movable substrate 52 is viewed from
the fixed substrate 51 side. Moreover, in FIG. 3, films (a fixed
reflection film 54, a first electrode 561A, a third electrode
562A, a first lead-out electrode 563A, a third lead-out elec-
trode 564A, and a fifth lead-out electrode 565A), which are
provided on the fixed substrate 51, are shown by solid lines,
and films (a movable reflection film 55, a second electrode
561B, a fourth electrode 562B, a second lead-out electrode
563B, a fourth lead-out electrode 564B, and a sixth lead-out
electrode 565B), which are provided on the movable substrate
52, are shown by broken lines.

As shown in FIG. 3, for example, the wavelength variable
interference filter 5 is a rectangular plate-shaped optical
member and includes the fixed substrate 51 and the movable
substrate 52. The fixed substrate 51 and the movable substrate
52 each are formed of various glass, crystal, or the like, and
for example, a first joint portion 513 of the fixed substrate 51
and a second joint portion 523 of the movable substrate are
joined to each other by a joint film 53 (refer to FIG. 2) which
is configured of a plasma polymerized film or the like having
siloxane as a main component, and thus, the fixed substrate
and the movable substrate are integrally configured.

The fixed reflection film 54 which configures one reflection
film according to the invention is provided on the fixed sub-
strate 51, and the movable reflection film 55 which configures
the other reflection film according to the invention is provided
on the movable substrate 52. The fixed reflection film 54 and
the movable reflection film 55 are disposed so as to be oppo-
site to each other across a gap G1 between the reflection films
(refer to FIG. 2). In addition, an electrostatic actuator portion
56 which is used for adjusting (changing) the amount of the
gap G1 between the reflection films is provided in the wave-
length variable interference filter 5. The electrostatic actuator
portion 56 includes a first electrostatic actuator 561 and a
second electrostatic actuator 562 which can be independently
driven respectively.

Moreover, in the descriptions below, a plan view when the
wavelength variable interference filter 5 is viewed from the
thickness direction of the substrate of the fixed substrate 51 or
the movable substrate 52, that is, a plan view when the wave-
length variable interference filter 5 is viewed from the lami-
nation direction of the fixed substrate 51, the joint film 53, and
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the movable substrate 52 is referred to as a plan view of the
filter. Moreover, in the embodiment, in the plan view of the
filter, a center point of the fixed reflection film 54 and a center
point of the movable reflection film 55 coincide with each
other, the center points of the reflection films in a plan view
are referred to as a filter center point O, and a straight line
which passes through the center points of the reflection films
is referred to as a center axis.

Configuration of Fixed Substrate

The fixed substrate 51 is formed so that the thickness size
is larger than that of the movable substrate 52, and the fixed
substrate 51 is not bent due to electrostatic attraction by the
electrostatic actuator portion 56 or an internal stress of a film
member (for example, fixed reflection film 54 or the like)
which is formed on the fixed substrate 51.

As shown in FIG. 4, for example, the fixed substrate
includes an electrode disposition groove 511 and a reflection
film installation portion 512 which are formed by etching or
the like. Moreover, one end side (a side C1-C2 in FIGS. 3 and
4) of the fixed substrate 51 protrudes outside from the end
edge (aside C5-C6 in FIGS. 3 and 4) of the movable substrate
52, and configures a fixed side terminal extraction portion
514.

In the plan view of the filter, the electrode disposition
groove 511 is formed in an annular shape about the filter
center point O of the fixed substrate 51. In the plan view of the
filer, the reflection film installation portion 512 is formed so
as to protrude the movable substrate 52 side from the center
portion of the electrode disposition groove 511. The bottom
surface of the electrode disposition groove 511 becomes an
electrode installation surface 511A on which the electrode of
the electrostatic actuator portion 56 is disposed. In addition,
the protruded tip surface of the reflection film installation
portion 512 becomes a reflection film installation surface
512A.

Moreover, an electrode lead-out groove 511B, which
extends from the electrode disposition groove 511 toward the
outer circumferential edge of the fixed substrate 51, is pro-
vided on the fixed substrate 51. Specifically, the electrode
lead-out groove 511B includes three electrode lead-out
grooves 511B which face the side C3-C4, and three electrode
lead-out grooves 511B which face the side C1-C2 and are
connected to the fixed side terminal extraction portion 514.

The first electrode 561 A which configures the first electro-
static actuator 561 and the third electrode 562A which con-
figures the second electrostatic actuator 562 are provided on
the electrode installation surface 511A of the electrode dis-
position groove 511. More specifically, the first electrode
561A and the third electrode 562A are provided on a region
opposite of a movable portion 521 described below in the
electrode installation surface 511A. Moreover, the first elec-
trode 561A is provided at the outer circumference side of the
reflection film installation portion 512 and the inner circum-
ference side of the third electrode 562A, and the third elec-
trode 562A is provided at the outer circumference side of the
first electrode 561A. The first electrode 561A and the third
electrode 562A each are formed in an arc shape (approxi-
mately C shape), and a C shaped opening portion is provided
in a portion which approaches the side C1-C2. Moreover, an
insulating film may be configured so as to be laminated on the
first electrode 561 A and the third electrode 562A in order to
secure insulation between the second electrode 561B and the
fourth electrode 562B.

Inaddition, as shown in FIG. 4, in the fixed substrate 51, the
first lead-out electrode 563 A which extends from one end of
the first electrode 561A toward an apex C2 is provided, and a
third lead-out electrode 564 A which extends from one end of
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the third electrode 562A toward an apex C1 is provided. The
first lead-out electrode 563A is disposed along the electrode
lead-out groove 511B which extends toward the apex C2, and
extends up to the apex C2 on the fixed side terminal extraction
portion 514. Moreover, the third lead-out electrode 564A is
disposed along the electrode lead-out groove 511B which
extends toward the apex C1, and extends up to the apex C1 on
the fixed side terminal extraction portion 514. In addition, for
example, the extended tip portions of the first lead-out elec-
trode 563A and the third lead-out electrode 564A are con-
nected to the voltage control portion 15 by flexible printed
circuits (FPC), lead wires, or the like.

As described above, the reflection film installation portion
512 is formed in an approximately columnar shape, which has
a smaller diameter than the electrode disposition groove 511,
on the same axis as the electrode disposition groove 511, and
includes the reflection film installation surface 512A of the
reflection film installation portion 512 opposite to the mov-
able substrate 52.

As shown in FIG. 4, the fixed reflection film 54 is installed
on the reflection film installation portion 512. For example, as
the fixed reflection film 54, a metal film such as Ag or a
conductive alloy film such as Ag alloy may be used. In addi-
tion, for example, a dielectric multilayer in which a high
refraction layer is TiO, and a low refraction layer is SiO, may
be used, and in this case, it is preferable that a conductive
metal alloy film be formed on the lowest layer or the outer-
most layer of the dielectric multilayer.

Moreover, in the FIG. 4, the fifth lead-out electrode 565A
which extends from the outer circumference edge of the fixed
reflection film 54 is provided on the fixed substrate 51. For
example, the fifth lead-out electrode 565 A passes between the
first lead-out electrode 563 A and the third lead-out electrode
564 A, is disposed along the electrode lead-out groove 511B
which extends toward the center point of the side C1-C2, and
extends up to the position of the center point of the side C1-C2
on the fixed side terminal extraction portion 514. In addition,
for example, similar to the first lead-out electrode 563 A and
the fourth lead-out electrode 564 B, the extended tip portion of
the fifth lead-out electrode 565A is connected to the voltage
control portion 15 by the FPC, the lead wires, or the like.

Moreover, an antireflection film may be formed at a posi-
tion corresponding to the fixed reflection film 54 on a light
incident surface (a surface on which the fixed reflection film
54 is not provided) of the fixed substrate 51. The antireflection
film may be formed by alternately laminating a low refractive
index film and a high refractive index film, decreases reflec-
tivity of visible light on the surface of the fixed substrate 51,
and increases the transmissivity.

Moreover, in the surface of the fixed substrate 51 opposite
to the movable surface 52, the surfaces, on which the elec-
trode disposition groove 511, the reflection film installation
portion 512, and the electrode lead-out groove 511B are not
formed, configure the first joint portion 513. The first joint
portion 513 is joined to the second joint portion 523 of the
movable substrate 52 by the joint film 53.

Configuration of Movable Substrate

In the plan view of the filter as shown in FIG. 3, the
movable substrate 52 includes a circular movable portion 521
which has the filter center point O as the center, a holding
portion 522 which has the same axis as the movable portion
521 and holds the movable portion 521, and a substrate outer
circumferential portion 525 which is provided outside the
holding portion 522.

Moreover, in movable substrate 52, as shown in FIG. 3, one
end side (a side C7-C8 in FIGS. 3 and 5) protrudes outside
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from the end edge (the side C3-C4 in FIGS. 3 and 4) of the
fixed substrate 51, and configures a movable side terminal
extraction portion 524.

The movable portion 521 is formed so that the thickness
size is larger than the holding portion 522, and for example, in
the embodiment, the movable portion 521 is formed so as to
be the same size as the thickness size of the movable substrate
52. In the plan view of the filter, the movable portion 521 is
formed so as to be at least a larger diameter size than the
diameter size of the outer circumference edge of the reflection
film installation surface 512A. Moreover, in the movable
portion 521, the movable reflection film 55, the second elec-
trode 561B which configures the first electrostatic actuator
561, and the fourth electrode 562B which configures the
second electrostatic actuator 562 are provided.

Moreover, similar to the fixed substrate 51, an antireflec-
tion film may be formed on a surface of the side opposite to
the fixed substrate 51 of the movable portion 521.

The second electrode 561B is provided on the outer cir-
cumference side of the movable reflection film 55, and the
fourth electrode 562B is provided on the outer circumference
side of the second electrode 561B. The second electrode
561B and the fourth electrode 562B each are formed in an arc
shape (approximately C shape), and a C shaped opening
portion is provided in a portion which approaches the side
C7-C8. Here, in the plan view of the filter, the second elec-
trode 561B includes an arc region which overlaps with the
first electrode 561A, and the first electrostatic actuator 561 is
configured by the arc region. Similarly, the fourth electrode
562B includes an arc region which overlaps with the second
electrode 561B, and the second electrostatic actuator 562 is
configured by the arc region.

Moreover, similar to the first electrode 561 A and the third
electrode 562A, an insulating film for securing insulation
may be configured so as to be overlapped on the second
electrode 561B and the fourth electrode 562B.

In addition, as shown in FIG. 5, in the movable substrate
52, the second lead-out electrode 563B which extends from
one end of the second electrode 561B toward an apex C8 is
provided, and a fourth lead-out electrode 564 B which extends
from one end of the fourth electrode 562B toward an apex C7
is provided. The second lead-out electrode 563B is disposed
at a position which is opposite to the electrode lead-out
groove 511B extending toward an apex C4 provided on the
fixed substrate 51, and extends up to the apex C8 on the
movable side terminal extraction portion 524. Moreover, the
fourth lead-out electrode 564B is disposed at a position which
is opposite to the electrode lead-out groove 511B which
extends toward the apex C3, and extends up to the apex C7 on
the movable side terminal extraction portion 524. In addition,
for example, the extended tip portions of the second lead-out
electrode 563B and the fourth lead-out electrode 564B are
connected to the voltage control portion 15 by the FPC, lead
wires, or the like.

The movable reflection film 55 is provided so as to be
opposite to the fixed reflection film 54 across the gap G1
between reflection films at the center portion of a movable
surface 521A of the movable portion 521. As the movable
reflection film 55, a reflection film having the same configu-
ration as the above-described fixed reflection film 54 is pref-
erably used.

Moreover, as shown in FIG. 5, the sixth lead-out electrode
565B which extends from the outer circumference edge of the
movable reflection film 55 is provided on the movable sub-
strate 52. For example, the sixth lead-out electrode 565B
passes between the second lead-out electrode 563B and the
fourth lead-out electrode 564B, is disposed at a position
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opposite to the electrode lead-out groove 511B which extends
toward the middle point of the side C3-C4 of the fixed sub-
strate 51, and extends up to the position of the middle point of
the side C7-C8 on the movable side terminal extraction por-
tion 524. In addition, for example, similar to the second
lead-out electrode 563B and the fourth lead-out electrode
564B, the extended tip portion of the sixth lead-out electrode
565B is connected to the voltage control portion 15 by the
FPC, the lead wires, or the like.

Moreover, in the embodiment, as described above, the
example is described in which the amount of an interelectrode
gap G2 (refer to FIG. 2) is larger than the amount of the gap
G1 between the reflection films. However, the invention is not
limited to this. For example, when infrared rays or far infrared
rays are used as the light to be measured, or the like, according
to the wavelength region of the light to be measured, the
amount of the gap G1 between the reflection films may be
configured so as to be larger than the amount of the interelec-
trode gap G2.

The holding portion 522 is a diaphragm which surrounds
around the movable portion 521, and is formed so that the
thickness size is smaller than that of the movable portion 521.
The holding portion 522 is more easily bent than the movable
portion 521, and the movable portion 521 can be displaced to
the fixed substrate 51 side by slight electrostatic attraction. At
this time, since the thickness size of the movable portion 521
is larger than that of the holding portion 522 and the stiffness
of'the movable portion 521 is increased, even when the hold-
ing portion 522 is pulled to the fixed substrate 51 side by the
electrostatic attraction, a shape change ofthe movable portion
521 does not occur. Therefore, bending of the movable reflec-
tion film 55 provided in the movable portion 521 does not
occur, and the fixed reflection film 54 and the movable reflec-
tion film 55 can be always maintained to a parallel state.

Moreover, in the embodiment, the holding portion 522
having a diaphragm shape is exemplified. However, the
invention is not limited this, and for example, a configuration
in which beam shaped holding portions disposed at equal
angular intervals while having the filter center point O as the
center are provided, or the like may be adopted.

As described above, the substrate outer circumference por-
tion 525 is provided outside the holding portion 522 in the
plan view of the filter. The second joint portion 523 opposite
to the first joint portion 513 is provided on the surface of the
substrate outer circumference portion 525 opposite to the
fixed substrate 51, and the second joint portion 523 is joined
to the first joint portion 513 via the joint film 53.
Configuration of Voltage Control Portion

As shown in FIG. 2, the voltage control portion 15 is
configured so as to include a bias driving portion 151 (bias
voltage applying unit), a gap detector 152 (gap detection
unit), a feedback control portion 153 (feedback voltage
applying unit), and a microcomputer (microcontroller) 154.

The bias driving portion 151 is connected to the first lead-
out electrode 563 A and the second lead-out electrode 563B of
the wavelength variable interference filter 5, and applies bias
voltage with respect to the first electrostatic actuator 561.
Specifically, the bias driving portion 151 is configured by a
D/A converter having a predetermined bit number, and
applies voltage to the first electrostatic actuator 561 based on
bias signals which are input from the microcomputer 154.

The gap detector 152 is connected to the fifth lead-out
electrode 565A and the sixth lead-out electrode 565B of the
wavelength variable interference filter 5, and acquires detec-
tion signals corresponding to the amount of the gap G1
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between the reflection films. Moreover, the gap detector 152
outputs the acquired detection signals to the feedback control
portion 153.

The feedback control portion 153 is connected to the third
lead-out electrode 564A and the fourth lead-out electrode
564B of the wavelength variable interference filter 5, and
applies feedback voltage with respect to the second electro-
static actuator 562. At this time, the feedback portion 153
applies feedback voltage with respect to the second electro-
static actuator 562 so that the detection signals input from the
gap detector 152 and a target value (target detection signals)
input from the microcomputer 154 are the same value as each
other.

Moreover, the feedback control portion 153 of the embodi-
ment is configured by an analog controller having a fixed
gain, and the voltage variable range is set to a predetermined
width. For example, the analog controller can be incorporated
by a more simple system configuration than an analog con-
troller having a variable gain, and thus, low costs can be
achieved. Here, for example, as the analog controller, a PI
controller, a PID controller, or the like can be used. Moreover,
other controllers may be used.

The microcomputer 154 is connected to the control portion
20, the bias driving portion 151, the gap detector 152, and the
feedback control portion 153. Moreover, the microcomputer
154 includes a storage unit (not shown) which is configured
by a memory or the like. For example, in the storage unit, gap
correlation data which is the detection signals (voltage sig-
nals) detected by the gap detector 152 with respect to the
amount of the gap G1 between the reflection films is stored.

Moreover, the microcomputer 154 controls the bias driving
portion 151, the gap detector 152, and the feedback control
portion 153 based on the control signals which are input from
the control portion 20, and thus, transmits the light of the
target wavelength from the wavelength variable interference
filter 5.

Moreover, the detail descriptions with respect to the con-
trol of the drive voltage of the wavelength variable interfer-
ence filter 5 by the voltage control portion 15 will be
described below.

Configuration of Control Portion

Returning to FIG. 1, the control portion 20 of the spectro-
scopic measurement device 1 will be described.

The control portion 20 corresponds to a processing portion
according to the invention, is configured by combining a
CPU, a memory, or the like, for example, and controls the
entire operation of the spectroscopic measurement device 1.
As shown FIG. 1, the control portion 20 includes a wave-
length setting portion 21, a light quantity acquisition portion
22, and a spectroscopic measurement portion 23.

The wavelength setting portion 21 sets the target wave-
length of the light which is extracted by the wavelength vari-
able interference filter 5, and output control signals of an
intent, which extracts the set target wavelength from the
wavelength variable interference filter 5, to the voltage con-
trol portion 15.

The light quantity acquisition portion 22 acquires the light
quantity of the light of the target wavelength which transmits
the wavelength variable interference filter 5, based on the
light quantity which is acquired by the detector 11.

The spectroscopic measurement portion 23 measures spec-
tral characteristics of the light to be measured based on the
light quantity which is acquired by the light quantity acqui-
sition portion 22.
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Driving Method of Wavelength Variable Interference Filter

FIG. 6 is a flowchart showing a driving method (driving
processing) of the wavelength variable interference filter in
an electroscopic measuring process of the spectroscopic mea-
surement device 1.

In order to acquire the intensity of the light of each wave-
length which is included in the light to be measured by the
spectroscopic measurement device 1, first, the control portion
20 sets the wavelength (target wavelength) of the light, which
transmits the wavelength variable interference filter 5, by the
wavelength setting portion 21. Moreover, the wavelength set-
ting portion 21 outputs control signals of an intent, which
transmit the light of the set target wavelength, to the voltage
control portion 15 (S1).

If the control signals are input from the control portion 20,
the microcomputer 154 of the voltage control portion 15
calculates bias voltage corresponding to the target wave-
length (S2).

Here, in the embodiment, the microcomputer 154 sets the
bias voltage so that sensitivity (a gap displacement amount
with respect to the applied voltage (m/V)) at the time of
applying voltage to the second electrostatic actuator 562 is
constant in a feedback control described below.

Here, the sensitivity R, (m/V) at the time of applying volt-
age to the second electrostatic actuator 562 is represented by
the following Equation (2).
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FIG. 7 is a view for illustrating the above-described Equa-
tion (2), and shows an equivalent circuit model of the elec-
trostatic actuator portion 56.

In FIG. 7 and Equation (2), V,, is bias voltage which is
applied to the first electrostatic actuator 561, k is a spring
coefficient of the movable substrate 52 (holding portion 522),
€ is permittivity between the fixed substrate 51 and the mov-
able substrate 52 (interelectrode gap G2), S, is an area of a
region (a region which functions as the first electrostatic
actuator 561) in which the first electrode 561A and the second
electrode 561B are overlapped with each other in the plan
view of the filter, S, is an area of a region (a region which
functions as the second electrostatic actuator 562) in which
the third electrode 562A and the fourth electrode 562B are
overlapped with each other in the plan view of the filter, d,, .
is an initial gap amount (gap amount in a state where voltage
is not applied) of the interelectrode gap G2, and d is a dis-
placement amount (displacement amount of interelectrode
gap G2) of the movable portion 521 for transmitting the light
of'the target wavelength. Moreover, in FIG. 7, b is a damping
coefficient.

In the embodiment, when the feedback control is per-
formed, the bias voltage V, is applied so that the sensitivity at
the time of applying voltage to the second electrostatic actua-
tor 562 is constant. That is, in Equation (2), R, is a constant
value, and a value, which is preset according to the fixed gain
in the analog controller of the feedback control portion 153, is
preferably used. Moreover, if the control signals which des-
ignate the target wavelength are input from the control portion
20, the microcomputer 154 can calculate a target gap amount
of the gap G1 between the reflection films for extracting the
light of the target wavelength from wavelength variable inter-
ference filter 5 and can calculate the amount (target displace-
ment amount d) to displace the movable portion 521 from the
target gap amount.
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When Equation (2) is solved with respect to V,,, the above-
described Equation (1) can be derived. Therefore, in the S2,
the microcomputer 154 calculates the applied voltage (bias
voltage) to the first electrostatic actuator 561 for driving the
second electrostatic actuator 562 at a predetermined sensitiv-
ity in the feedback control, based on Equation (1).

Moreover, the microcomputer 154 outputs bias signals
based on the bias voltage which are calculated by the S2 to the
bias driving portion 151. Thereby, the bias driving portion
151 applies the bias voltage calculated by the S2 to the first
electrostatic actuator 561 (S3: bias voltage applying step).
According to the S3, electrostatic attraction based on the bias
voltage is generated between the first electrode 561A and the
second electrode 561B, and the movable portion 521 is dis-
placed to the fixed substrate 51 side.

Here, FIGS. 8A and 8B are views for illustrating the sen-
sitivity of the second electrostatic actuator 562 when the bias
voltage applied to the first electrostatic actuator 561 is applied
at the time of the feedback control.

As shown by a broken line in FIG. 8A, in the sensitivity of
the second electrostatic actuator 562 which applies the feed-
back voltage, in a state where the bias voltage is not applied to
the first electrostatic actuator 561, the sensitivity is largely
changed with respect to the displacement amount, and the
sensitivity is increased according to the increase of the dis-
placement amount. In this way, when the sensitivity of the
electrostatic actuator which applies the feedback voltage is
changed, even though the gain of the analog controller is set
in accordance with certain sensitivity, the sensitivity is largely
different in a location where the displacement amount is
different, and the analog controller does not function appro-
priately. That is, in the state where the bias voltage is not
applied, the analog controller appropriately functions only in
the vicinity of the gap which sets the gain.

In the embodiment, as shown in FIG. 8B, since the bias
voltage based on Equation (1) is applied to the first electro-
static actuator 561, as shown by a solid line in FIG. 8A, the
sensitivity of the second electrostatic actuator 562 becomes a
constant such as a desired sensitivity R;.

Moreover, in the embodiment, the example is described in
which the bias voltage is applied so that the sensitivity R, is
constant. However, the value of the bias voltage is not limited
to the value based on Equation (1), and the bias voltage may
be applied so that desired sensitivity characteristics are
obtained.

Thereafter, the feedback control is performed by the feed-
back control portion 153 (S4). The feedback control (S4)
includes a gap detection step and a feedback voltage applying
step according to the invention.

That is, the microcomputer 154 applies high frequency
voltage for detecting capacitance to the fixed reflection film
54 and the movable reflection film 55 from the gap detector
152. Thereby, the detection signals corresponding to the
capacitance of the fixed reflection film 54 and the movable
reflection film 55 can be acquired by the gap detector 152, and
the acquired detection signals are output to the feedback
control portion 153 (gap detection step).

In addition, the microcomputer 154 calculates the target
gap amount corresponding to the target wavelength based on
the control signals from the control portion 20, acquires the
detection signals (target detection signals) corresponding to
the target gap amount from the gap correlation data which is
stored in the storage unit, and outputs the acquired signals to
the feedback control portion 153.

In addition, the feedback control portion 153 calculates
differences between the target detection signals input from
the microcomputer 154 and the detection signals input from
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the gap detector 152, and applies the feedback voltage to the
second electrostatic actuator 562 so that the differences are
“0” (feedback voltage applying step).

Here, FIG. 9 is a conceptual view of the feedback control.

As shown in FIG. 9, the bias driving portion 151 applies the
bias voltage, which causes the sensitivity of the second elec-
trostatic actuator 562 to be constant as shown in

FIGS. 8A and 8B, to the first electrostatic actuator 561.

Therefore, in the feedback voltage applying step, based on
a deviation between the target value signals input from the
microcomputer 154 and the signals output from the gap
detector, the analog controller of the feedback voltage apply-
ing portion 153 may set the feedback voltage, which is
applied to the second electrostatic actuator 562, so that the
deviation is 0.

In this case, regardless of the displacement amount (varia-
tion of the interelectrode gap G2) of the movable portion 521,
it is possible to drive the second electrostatic actuator 562 at
low sensitivity.

Moreover, after the S4, the light which transmits the wave-
length variable interference filter 5 is detected by the detector
11 (S5), and the light quantity of the light having the trans-
mitted wavelength is acquired by the wavelength setting por-
tion 21 of the control portion 20.

Moreover, in the above, the light of one wavelength is
extracted from the wavelength variable interference filter 5,
and the process which detects the light quantity is described.
However, for example, when the optical spectrum of the light
to be measured is measured from the light quantities with
respect to each wavelength in the predetermined wavelength
region which is included in the light to be measured, the
wavelength set in the S1 is sequentially changed, and the
processes of S2 to S5 may be repeated.

Effects of the Embodiment

The optical module 10 of the spectroscopic measurement
device 1 of the embodiment includes the wavelength variable
interference filter 5 and the voltage control portion 15. The
wavelength variable interference filter 5 includes the electro-
static actuator portion 56 for changing the gap G1 between
reflection films between the fixed reflection film 54 and the
movable reflection film 55, and the electrostatic actuator por-
tion 56 includes the first electrostatic actuator 561 and the
second electrostatic actuator 562. Moreover, the voltage con-
trol portion 15 includes the bias driving portion 151, the gap
detector 152, the feedback control portion 153, and the micro-
computer 154. Moreover, the microcomputer 154 outputs the
bias signals to the bias driving portion 151 based on the
control signals (target wavelength) input from the control
portion 20, and outputs the target detection signals corre-
sponding to the target wavelength to the feedback control
portion 153. Thereby, the bias driving portion 151 applies the
bias voltage to the first electrostatic actuator 561 and moves
the movable portion 521 up to the vicinity of the target dis-
placement amount. Moreover, the feedback control portion
153 applies the feedback voltage to the second electrostatic
actuator 562 so that the differences between the detection
signals from the gap detector 152 and the target detection
signals are “0”.

In the configuration, when the feedback voltage is applied
to the second electrostatic actuator 562 by the feedback con-
trol portion 153 and a fine adjustment is performed to the
amount of the gap G1 between the reflection films, the sen-
sitivity of the second electrostatic actuator 562 can be
decreased. That is, regardless of the target gap amount of the
gap G1 between the reflection films, the sensitivity of the
second electrostatic actuator 562 can be decreased. There-
fore, in a state where the gain of the analog controller of the
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feedback control portion 153 is fixed to a constant gain, the
fine adjustment of a highly accurate gap amount can be per-
formed by the feedback control with respect to the wide gap
range ofthe gap G1 between the reflection films. Moreover, as
the feedback control portion 153, an analog controller having
avariable gain which requires a complicated system configu-
ration is not needed, and thus, simplification of the configu-
ration and low costs can be achieved.

In the optical module 10 of the embodiment, the bias driv-
ing portion 151 applies the bias voltage based on Equation (1)
to the first electrostatic actuator 561. Thereby, regardless of
the amount of the gap G1 between reflection films, the sen-
sitivity of the second electrostatics actuator 562 in the feed-
back control can be constant. Therefore, the setting of the
feedback voltage in the feedback control portion 153 can be
easily performed, and a more highly accurate feedback con-
trol can be carried out.

Moreover, the microcomputer 154 calculates the bias volt-
age based on Equation (1) and outputs the bias signals to the
bias driving portion 151. Thereby, for example, compared to
a case where the bias voltage with respect to the target gap
amount of the gap G1 between the reflection films is stored as
table data, a more accurate bias voltage can be set, a large
storage region for holding the data is not needed, and thus,
low costs can be achieved.

In the embodiment, the feedback control portion 153
includes the analog controller, and the analog voltage is
applied to the second electrostatic actuator 562 as the feed-
back voltage. Here, in the embodiment, as described above,
since the sensitivity of the second electrostatic actuator 562
can be constant by applying the bias voltage to the first elec-
trostatic actuator 561, the gain of the analog controller can be
fixed to one, and thus, simplification of the configuration of
the feedback control portion 153 can be achieved.

In the wavelength variable interference filter 5 of the
embodiment, the fixed reflection film 54 and the movable
reflection film 55 function as a first capacitance detection
electrode and a second capacitance detection electrode
according to the invention, and the feedback control portion
153 detects the detection signals based on the amount of the
gap G1 between the reflection films on the basis of the capaci-
tance between the fixed reflection film 54 and the movable
reflection film 55.

In the configuration, the amount of the gap G1 between the
reflection films can be easily detected by the fixed reflection
film 54 and the movable reflection film 55 which are provided
on the fixed substrate 51 and the movable substrate 52, and
thus, simplification of the configuration of the wavelength
variable interference filter 5 can be achieved. In addition, in
order to detect capacitance between the fixed reflection film
54 and the movable reflection film 55, a separate (dedicated)
electrode only for detecting the capacitance is not needed.
Also from this point, simplification of the configuration of the
wavelength variable interference filter 5 can be achieved.

In the embodiment, the first electrode 561 A and the second
electrode 561B which configure the first electrostatic actuator
561 are provided at the outer circumference sides of the fixed
reflection film 54 and the movable reflection film 55 respec-
tively. Moreover, the third electrode 562A and the fourth
electrode 562B which configure the second electrostatic
actuator 562 are provided outside from the first electrode
561A and the second electrode 561B respectively.

That is, the second electrostatic actuator 562, to which the
feedback voltage is applied, which may include high fre-
quency components, is disposed at the position away from the
fixed reflection film 54 and the movable reflection film 55 for
detecting the amount of the gap G1 between the reflection
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films. Thereby, crosstalk from the second electrostatic actua-
tor 562 to the fixed reflection film 54 and the movable reflec-
tion film 55 can be suppressed, and thus, the amount of the
gap G1 between reflection films can be accurately detected in
the gap detector 152.
Second Embodiment

In the first embodiment, the feedback control portion 153
which includes the analog controller having a fixed gain is
exemplified. On the other hand, a second embodiment is
different from the first embodiment in that the feedback con-
trol portion 153 applies voltage (digital voltage in the
embodiment) output by a digital controller to the second
electrostatic actuator 562.

Moreover, since the second embodiment includes the simi-
lar configurations as the first embodiment, the feedback con-
trol portion 153 of the second embodiment will be described
below with reference to FIG. 1, and descriptions of other
configurations are omitted.

The feedback control portion 153 of the embodiment
includes an A/D converter which converts voltage input from
the gap detector 152 to digital signals (detection signals), a
computing unit which calculates a feedback voltage value
based on differences between detection signals and target
detection signals, and a D/A converter which converts the
digital signals of the feedback voltage value of the calculated
results to analog voltage and applies the voltage to the second
electrostatic actuator 562. Moreover, similar to the first
embodiment, based on the differences between the target
detection signals input from the microcomputer 154 and the
detection signals input from the feedback control portion 153,
the feedback control portion 153 set and applies the feedback
voltage with respect to the second electrostatic actuator 562
so that the differences are “0”.

In this way, when the voltage is applied to the second
electrostatic actuator 562 by the D/A converter of the feed-
back control portion 153, since an appropriate feedback volt-
age value is calculated by digital signal processing according
to the change of the sensitivity of the second electrostatic
actuator 562, the gain adjustment of the circuit is not needed,
and a highly accurate feedback control can be performed by
setting the voltage set by the D/A converter to a desired value.
However, in the configuration in which the bias voltage is not
applied to the bias driving portion 151, when the feedback
control is performed by the bias driving portion 151, the
sensitivity of the electrostatic actuator which applies the feed-
back voltage is increased according to the decrease of the
amount of the interelectrode gap G2. Therefore, in order to
perform a highly accurate feedback control, the feedback
control portion 153 is needed to minutely divide the input
voltage and apply the divided voltage to the second electro-
static actuator 562. That is, a D/A converter having a large bit
number is used as the feedback control portion 153, and thus,
the costs are increased.

On the other hand, in the embodiment, similar to the first
embodiment, since the bias voltage is applied from the bias
driving portion 151 to the first electrostatic actuator 561,
compared to the case where the bias voltage is not applied, the
sensitivity of the second electrostatic actuator 562 can be
decreased. Thereby, as the feedback voltage which is set by
the feedback control portion 153, compared to the case where
the bias voltage is not applied, resolution ofthe voltage can be
decreased. Therefore, in the feedback control portion 153, a
D/A converter having a small bit number may be provided,
and thus, the low costs of the feedback control portion 153 can
be achieved.
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Third Embodiment

In the first and second embodiments, examples are shown
in which the fixed reflection film 54 and the movable reflec-
tion film 55 configure the first capacitance detection electrode
and the second capacitance detection electrode according to
the invention. On the other hand, a third embodiment is dif-
ferent from the first embodiment in that the electrodes which
configure the first capacitance detection electrode and the
second capacitance detection electrode are different from
those of the first embodiment.

FIG. 10 is a plan view showing a schematic configuration
of a wavelength variable interference filter 5A in the third
embodiment.

As shown in FIG. 10, in the wavelength variable interfer-
ence filter SA of the embodiment, the first electrode 561 A and
the second electrode 561B which configure the first electro-
static actuator 561 configure the first capacitance detection
electrode and the second capacitance detection electrode
according to the invention. In this case, the first lead-out
electrode 563A and the second lead-out electrode 563B are
connected to the bias driving portion 151 and the gap detector
152.

In the embodiment, the voltage signals for detecting the
capacitance output from the gap detector 152 and the bias
voltage output from the bias driving portion 151 are applied to
the first electrostatic actuator 561. In this case, as the voltage
signals for detecting the capacitance, signals, which become
sufficient high frequencies of an extent that does not influence
the driving of the electrostatic actuator portion 56, are pref-
erably used. Moreover, in the gap detector 152, for example,
two signals are separated using a coupling condenser or the
like, and the voltage signals for detecting the capacitance are
detected. Thereby, the influence to the gap change due to the
voltage signals for detecting the capacitance can be pre-
vented, and similar to the first embodiment, a highly accurate
control of the amount of the gap G1 between the reflection
films can be performed. Moreover, in the embodiment, since
the fifth lead-out electrode 565A which is connected to the
fixed reflection film 54 and the sixth lead-out electrode 565B
which is connected to the movable reflection film 55 are not
needed, the electrode configuration of the wavelength vari-
able interference filter 5A can be simplified.

Moreover, in the example, the first electrode 561A and the
second electrode 561B of the first electrostatic actuator 561
function as the first capacitance detection electrode and the
second capacitance detection electrode according to the
invention. However, the third electrode 562A and the fourth
electrode 562B of the second electrostatic actuator 562 may
function as the first capacitance detection electrode and the
second capacitance detection electrode according to the
invention. In this case, the third lead-out electrode 564 A and
the fourth lead-out electrode 564B may be connected to the
gap detector 152 and the feedback control portion 153.
Other Embodiments

In addition, the invention is not limited to the above-de-
scribed embodiments, and includes modifications, improve-
ments, or the like within the scope capable of achieving an
advantage of some aspects of the invention.

For example, as the first capacitance detection electrode
and the second capacitance detection electrode according to
the invention, the example in which the fixed reflection film
54 and the movable reflection film 55 are used in the first and
second embodiments, and the example in which the first
electrode 561A and the second electrode 561B of the first
electrostatic actuator 561 or the third electrode 562A and the
fourth electrode 562B of the second electrostatic actuator 562
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are used in the third embodiment are shown. However, the
invention is not limited to this.

Other electrodes which configure the first capacitance
detection electrode and the second capacitance detection
electrode according to the invention may be further provided
on the fixed substrate 51 and the movable substrate 52. For
example, a fifth electrode for detecting capacitance is pro-
vided between the fixed reflection film 54 and the third elec-
trode 562A, a sixth electrode opposite to the fifth electrode is
provided between the movable reflection film 55 and the
fourth electrode 562B, and the capacitance between the fifth
electrode and the sixth electrode may be detected.

Moreover, the gap detection unit is not limited to the con-
figuration which uses the capacitance detection electrode
described above. For example, a configuration may be
adopted in which the amount ofthe gap G1 between reflection
films is detected by detecting a curved state of the movable
substrate 52 (holding portion 522) through a strain gauge or
the like, and a configuration which provides a light sensor for
detecting the gap amount in the outside may be adopted.

Moreover, in each embodiment, the bias voltage which is
applied to the bias driving portion 151 is set based on Equa-
tion (1). However, the invention is not limited to this. For
example, a configuration may be adopted in which the bias
voltage with respect to the target gap amount of the gap G1
between the reflection films is stored as table data and stored
in the storage unit. In this case, the microcomputer 154 does
not perform the calculation of the bias voltage based on
Equation (1) and may read the bias voltage with respect to the
target gap amount from the table data.

Moreover, as the bias voltage, voltage may be used which
drives only the bias driving portion 151 and is smaller than the
drive voltage for setting the gap G1 between the reflection
films to the target gap amount. Due to the fact that the bias
voltage is applied, in the control of the second electrostatic
actuator 562 by the feedback control portion 153, compared
to the case where the bias voltage is not applied, the sensitiv-
ity can be decreased, and thus, accuracy of the feedback
control can be improved.

Moreover, in each embodiment, the configuration is
described in which the first electrostatic actuator 561 and the
second electrostatic actuator 562 are provided as the electro-
static actuator portion 56, and the bias voltage is applied to the
first electrostatic actuator 561 in order to perform the feed-
back control by the second electrostatic actuator 562 with
high accuracy. On the other hand, a configuration in which the
electrostatic actuator portion 56 includes a plurality of (three
ormore) electrostatic actuators may be adopted. For example,
a configuration may be adopted in which the electrostatic
actuator portion 56 includes an electrostatic actuator for con-
trol (second electrostatic actuator) for performing the feed-
back control, a first bias electrostatic actuator for decreasing
the sensitivity of the electrostatic actuator for the feedback
control, and a second bias electrostatic actuator which
decreases the sensitivity of the first bias electrostatic actuator
and improves the accuracy of the gap displacement.

That is, the first electrostatic actuator may be configured so
asto be divided into at least two or more partial actuators (first
bias electrostatic actuator and second bias electrostatic actua-
tor in the example). Since the bias voltage which is applied to
the first electrostatic actuator is controlled by the partial
actuators, the bias voltage can be more accurately controlled,
and thus, influence of the change of the drive voltage due to
noise or the like can be effectively decreased.

Moreover, since the voltage resolution of the bias voltage
can be decreased, the bit number of the bias driving portion
151 can be decreased, and lower costs can be achieved.
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In each embodiment described above, the example is
described in which the first electrostatic actuator 561 to which
the bias voltage is applied is positioned at the outer circum-
ference side of the second electrostatic actuator 562 to which
the feedback voltage is applied. However, the invention is not
limited to this. For example, in the outer circumference sides
ofthe reflection films 54 and 55, the first electrostatic actuator
561 may be provided at the inner circumference side of the
second electrostatic actuator 562 and the second electrostatic
actuator 562 may be provided at the outer circumference side
of the first electrostatic actuator 561.

Moreover, in each embodiment, the spectroscopic mea-
surement device 1 is exemplified as the electronic device
according to the invention. However, additionally, the driving
method of the wavelength variable interference filter, the
optical module, and the electronic device according to the
invention may be applied to various fields.

For example, as shown in FIG. 11, an electronic device
according to the invention may be also applied to a colorim-
etry device for measuring color.

FIG. 11 is a block diagram showing an example of a colo-
rimetry device 400 which includes a wavelength variable
interference filter.

As shown in FIG. 11, the colorimetry device 400 includes
a light source device 410 which emits light to an object to be
inspected A, a colorimetric sensor 420 (optical module), and
a control device 430 (processing portion) which controls the
entire operation of the colorimetry device 400. Moreover, in
the colorimetry device 400, the light emitted from the light
source device 410 is reflected at the object to be inspected A,
the colorimetric sensor 420 receives the reflected light to be
inspected, and chromaticity of the light to be inspected, that
is, the color of the object to be inspected A is analyzed and
measured based on the detection signals which are output
from the colorimetric sensor 420.

The light source device 410 includes a light source 411 and
a plurality of lenses 412 (only one is shown in FIG. 11), and
emits reference light (for example, white light) to the objectto
be inspected A, for example. Moreover, a collimator lens
maybe included in the plurality of lenses 412, and in this case,
in the light source device 410, the collimator lens makes the
reference light emitted from the light source 411 be parallel
light, and the parallel light is emitted toward the object to be
inspected A from a projection lens (not shown). Moreover, in
the embodiment, the colorimetry device 400 which includes
the light source device 410 is exemplified. However, when the
object to be inspected A is a light-emitting member such as a
liquid crystal panel, a configuration in which the light source
device 400 is not provided may be adopted.

As shown in FIG. 11, the colorimetric sensor 420 includes
the wavelength variable interference filter 5, the detector 11
which receives the light transmitting the wavelength variable
interference filter 5, and the voltage control portion 15 which
changes the wavelength of the light transmitting the wave-
length variable interference filter 5. In addition, the colori-
metric sensor 420 includes an incident optical lens (not
shown), which guides the reflected light (light to be
inspected) which is reflected by the object to be inspected A
into the inner portion, at a position opposite to the wavelength
variable interference filter 5. Moreover, in the colorimetric
sensor 420, the wavelength variable interference filter 5 dis-
perses the light having a predetermined wavelength in the
light to be inspected incident from the incident optical lens,
and the detector 11 receives the dispersed light. Moreover,
instead of the wavelength variable interference filter 5, wave-
length variable interference filters 5A, 5B, 5C, 5D, and 5E,
and an optical filter device 600 may be disposed.
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The control device 430 controls the entire operation of the
colorimetry device 400.

For example, as the control device 430, a general-purpose
personal computer, a personal digital assistant, a computer
used only for colorimetry, or the like may be used. Moreover,
as shown in FIG. 11, the control device 430 includes a light
source control portion 431, a colorimetric sensor control por-
tion 432, a colorimetric processing portion 433, or the like.

The light source control portion 431 is connected to the
light source device 410, and for example, outputs predeter-
mined control signals to the light source device 410 based on
the setting input of a user and emits white light having pre-
determined brightness.

The colorimetric sensor control portion 432 is connected to
the colorimetric sensor 420, and for example, sets the wave-
length of the light which is received to the colorimetric sensor
420 based on the setting input of a user, and outputs control
signals of an intent, which detects the received quantity of the
light having the set wavelength, to the colorimetric sensor
420. Thereby, the voltage control portion 15 of the colorimet-
ric sensor 420 applies voltage to the electrostatic actuator 56
based on the control signals, and drives the wavelength vari-
able interference filter 5.

The colorimetric processing portion 433 analyzes the chro-
maticity of the object to be inspected A from the received light
quantity which is detected by the detector 11.

In addition, as another example of the electronic device
according to the invention, there is a light based system for
detecting existence of a specific material. For example, as the
system, a gas detection device may be exemplified such as a
gas leak detector for vehicle which adopts a spectroscopic
measurement method using the wavelength variable interfer-
ence filter according to the invention and detects specific gas
with high sensitivity or an optoacoustics rare-gas detector for
expiration test.

An example of the gas detection device will be described
with reference to the drawings.

FIG. 12 is a schematic view showing an example of the gas
detection device which includes the wavelength variable
interference filter.

FIG. 13 is a block diagram showing a configuration of a
control system of the gas detection device of FIG. 12.

As shown in FIG. 12, the gas detection device 100 is
configured so as to include a sensor tip 110, a channel 120
which includes a suction port 120A, a suction channel 120B,
a discharge channel 120C, and a discharge port 120D, and a
main body portion 130.

The main body portion 130 includes: a detection device
(optical module) which includes a sensor portion cover 131
having an opening capable of attaching and detaching the
channel 120, a discharge unit 133, a housing 134, an optical
portion 135, a filter 136, the wavelength variable interference
filter 5, a light receiving element (detection portion) 137, or
the like; a control portion (processing portion) 138 which
processes the detected signals and controls the detection por-
tion; a power supply portion 139 which supplies an electric
power, or the like. Moreover, the optical portion 135 includes
a light source 135A which emits light, a beam splitter 135B
which reflects the light incident from the light source 135A to
the sensor tip 110 side and transmits the light incident from
the sensor tip side to the light receiving element 137 side, and
lenses 135C, 135D, and 135E.

Moreover, as shown in FIG. 13, an operation panel 140, a
display portion 141, a connection portion 142 for interfacing
with the outside, and the power supply portion 139 are pro-
vided on the surface of the gas detection device 100. When the
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power supply portion 139 is a secondary battery, a connection
portion 143 for charging may be provided.

Moreover, as shown in FIG. 13, the control portion 138 of
the gas detection device 100 includes: a signal processing
portion 144 which includes a CPU or the like; alight source
driver circuit 145 for controlling the light source 135A; a
voltage control portion 146 for controlling the wavelength
variable interference filter 5; a light receiving circuit 147
which receives the signals from the light receiving element
137; a sensor tip detection circuit 149 which receives signals
from a sensor tip detector 148 reading a code of'the sensor tip
110 and detecting presence or absence of the sensor tip 110;
a discharge drive circuit 150 which controls the discharge unit
133, or the like.

Next, an operation of the above-described gas detection
device 100 will be described below.

The sensor tip detector 148 is provided in the inner portion
of the sensor portion cover 131 of the upper portion of the
main body portion 130, and presence or absence of the sensor
tip 110 is detected by the sensor tip detector 148. If the
detection signals from the sensor tip detector 148 are
detected, the signal processing portion 144 determines that it
is a state where the sensor tip 110 is mounted, and issues
display signals, which display intent capable of performing
the detection operation, on the display portion 141.

Moreover, for example, if the operation panel 140 is oper-
ated by auser, and instruction signals of an intent, which starts
the detection processing from the operation panel 140, are
output to the signal processing portion 144, first, the signal
processing portion 144 outputs operation signals of the light
source to the light source driver circuit 145 and operates the
light source 135A. If the light source 135A is driven, a stable
laser light, which has a single wavelength and is linearly
polarized light, is emitted from the light source 135A. More-
over, a temperature sensor or a light quantity sensor is built in
the light source 135A, and the information is output to the
signal processing portion 144. In addition, if the signal pro-
cessing portion 144 determines that the light source 135A is
stably operated based on the temperature or the light quantity
input from the light source 135A, the signal processing por-
tion controls the discharge drive circuit 150 and operates the
discharge unit 133. Thereby, a gas sample which includes a
target material to be detected (gas molecules) is introduced
from the suction port 120A to the suction channel 120B,
inside the sensor tip 110, the discharge channel 120C, and the
discharge port 120D. Moreover, a dust filter 120A1 is pro-
vided in the suction port 120A, and thus, relatively large dust,
some steam, and the like are removed.

Moreover, the sensor tip 110 is a sensor in which a plurality
of metal nanostructures are assembled and which uses local-
ized surface Plasmon resonance. In the sensor tip 110, a
reinforced electric field is formed between metal nanostruc-
tures by the laser light, and if the gas molecules enter into the
reinforced electric field, Raman scattered light and Reilly
scattered light including the information of molecular vibra-
tion are generated.

Reilly scattered light or Raman scattered light are incident
to the filter 136 through the optical portion 135, Reilly scat-
tered light is separated by the filter 136, and Raman scattered
light is incident to the wavelength variable interference filter
5. In addition, the signal processing portion 144 outputs con-
trol signals to the voltage control portion 146. Thereby, as
described in the first embodiment, the voltage control portion
146 includes the bias driving portion 151, the gap detector
152, the feedback control portion 153, and the microcom-
puter 154, and according to the driving method similar to the
first embodiment, the voltage control portion drives the wave-
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length variable interference filter 5 and disperses Raman scat-
tered light corresponding to the gas molecules, which are the
object to be detected, by the wavelength variable interference
filter 5. Thereafter, if the light receiving element 137 receives
the dispersed light, light receiving signals corresponding to
the received light quantity are output to the signal processing
portion 144 via the light receiving circuit 147. In this case, the
intended Raman scattered light can be accurately extracted
from the wavelength variable interference filter 5.

The signal processing portion 144 compares spectral data
of Raman scattered light obtained as described above corre-
sponding to the gas molecules which are the object to be
detected and data which is stored in the ROM, determines
whether or not the gas molecules are the objective gas mol-
ecules, and specifies the material. Moreover, the signal pro-
cessing portion 144 displays the result information on the
display portion 141 or outputs the information to the outside
from the connection portion 142.

In addition, in FIGS. 12 and 13, the gas detection device
100 is exemplified in which Raman scattered light is dis-
persed by the wavelength variable interference filter 5 and the
gas detection is performed by the dispersed Raman scattered
light. However, as the gas detection device, a gas detection
device, which specifies a gas kind by detecting absorbance
inherent to gas, may be used. In this case, a gas sensor, which
causes gas to flow into the inner portion of the sensor and
detects light absorbed to the gas in the incident light, uses the
optical module according to the invention. Moreover, a gas
detection device, which analyzes and discriminates the gas
flowed in the sensor by the gas sensor, may use the electronic
device according to the invention. Also in this configuration,
the component of the gas can be detected using the wave-
length variable interference filter.

Moreover, the system for detecting the existence of the
specific material is not limited to the above-described gas
detection. For example, a material component analyzer may
be exemplified such as a noninvasive measurement device of
saccharide by a near-infrared spectrum, a noninvasive mea-
surement device of information of food, living body, mineral,
or the like.

Hereinafter, a food analyzer will be described as an
example of the material component analyzer.

FIG. 14 is a view showing a schematic configuration of the
food analyzer which is an example of an electronic device
which uses the wavelength variable interference filter 5.

As shown in FIG. 14, the food analyzer 200 includes a
detector 210 (optical module), a control portion 220, and a
display portion 230. The detector 210 includes a light source
211 which emits light, an imaging lens 212 to which the light
is introduced from an object to be measured, the wavelength
variable interference filter 5 which disperses the light intro-
duced from the imaging lens 212, and an imaging portion 213
(detection portion) which detects the dispersed light.

Moreover, the control portion 220 includes a light source
control portion 221 which performs controls of lighting-on
and lighting-off of the light source 211 and a control of
brightness at the time of the lighting-on, a voltage control
portion 222 which controls the wavelength variable interfer-
ence filter 5, a detection control portion 223 which controls
the imaging portion 213 and acquires spectroscopic images
which is imaged by the imaging portion 213, a signal pro-
cessing portion 224 (analyzing portion), and a storage portion
225.

In the food analyzer 200, if the system is driven, the light
source 211 is controlled by the light source control portion
221, and light is radiated to the object to be measured from the
light source 211. In addition, the light reflected by the object
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to be measured is incident to the wavelength variable inter-
ference filter 5 through the imaging lens 212. The wavelength
variable interference filter 5 is driven by the control of the
voltage control portion 222 according to the driving method
described in the first embodiment. Thereby, the light of the
target wavelength can be accurately extracted from the wave-
length variable interference filter 5. Moreover, for example,
the extracted light is imaged by the imaging portion 213
which includes a CCD camera or the like. In addition, the
imaged light is accumulated in the storage portion 225 as a
spectroscopic image. Moreover, the signal processing portion
224 changes the voltage value applied to the wavelength
variable interference filter 5 by controlling the voltage control
portion 222, and acquires the spectroscopic image with
respect to each wavelength.

In addition, the signal processing portion 224 performs
calculation processing with respect to data of each pixel in
each image accumulated in the storage portion 225, and
obtains the spectrum in each pixel. For example, in addition,
information related to components of the food with respect to
the spectrum is stored in the storage portion 225, and the
signal processing portion 224 analyzes the data of the
obtained spectrum based on the information related to the
food stored in the storage portion 225, and obtains the food
component which is included in the object to be detected and
content thereof. Moreover, food calories, freshness, or the
like may be also calculated from the obtained food compo-
nent and the content. Moreover, by analyzing a spectrum
distribution in the image, extraction or the like of a portion in
which the freshness is decreased in the food of the object to be
inspected can be performed, and detection of foreign matters
or the like included in the food can be also performed.

Moreover, the signal processing portion 224 performs the
processing which displays information such as the compo-
nent, content, calorie, freshness, or the like of the food of the
object to be inspected, which is obtained as described above,
on the display portion 230.

In addition, FIG. 14 shows the example of the food ana-
lyzer 200. However, the similar configuration may be used in
a noninvasive measurement device of information other than
the above-described. For example, the configuration may be
used in a living body analyzer which analyzes the living body
component such as measurement or analysis of body fluid
components of blood or the like. For example, in the living
body analyzer, if a device for detecting ethyl alcohol is
adopted as the device for measuring a body fluid component
such as blood, the configuration may be used as an intoxicated
driving preventive device for detecting a drinking state of a
driver. Moreover, the configuration may be used for an elec-
tronic endoscope system which includes the living body ana-
lyzer.

In addition, the configuration may be used for mineral
analyzer which performs a component analysis of mineral.

Moreover, the wavelength variable interference filter, the
optical module, and the electronic device according to the
invention may be also applied the following devices.

For example, data can be also transmitted by the light of
each wavelength by changing the intensity of light of each
wavelength over time, and in this case, the light of a specific
wavelength is dispersed by the wavelength variable interfer-
ence filter provided in the optical module, the data transmitted
by the light of the specific wavelength can be extracted by
receiving the light through a light receiving portion, the data
of'the light of each wavelength is processed by the electronic
device having the optical module for extracting data, and
thus, optical communication can be performed.
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Moreover, the configuration may be also applied to a spec-
troscopic camera which images a spectroscopic image, a
spectroscopic analyzer, or the like as the electronic device by
dispersing light through the wavelength variable interference
filter according to the invention. As an example of the spec-
troscopic camera, there is an infrared ray camera which the
wavelength variable interference filter is built-in.

FIG. 15 is a schematic view showing a schematic configu-
ration of the spectroscopic camera. As shown in FIG. 15, the
spectroscopic camera 300 includes a camera main body 310,
an imaging lens unit 320, and an imaging portion 330 (detec-
tion portion).

The camera main body 310 is a portion which is grasped
and operated by a user.

The imaging lens unit 320 is provided in the camera main
body 310 and guides the incident image light to the imaging
portion 330. Moreover, as shown in FIG. 15, the imaging lens
unit 320 is configured so as to include an objective lens 321,
animage forming lens 322, and the wavelength variable inter-
ference filter 5 which is provided between the lenses.

The imaging portion 330 includes a light receiving element
and images the image light which is guided by the imaging
lens unit 320.

In the spectroscopic camera 300, the light of the wave-
length to be imaged is transmitted by the wavelength variable
interference filter 5, and thus, the spectroscopic image of the
light having a desired wavelength can be imaged. At this time,
the voltage control portion (not shown) drives the wavelength
variable interference filter 5 with respect to each wavelength
according to the driving method according to the invention
described in the first embodiment, and thus, the image light of
the spectroscopic image of the target wavelength can be accu-
rately extracted.

In addition, the wavelength variable interference filter
according to the invention may be used as a band pass filter.
For example, the wavelength variable interference filter may
be also used in an optical laser device in which only narrow
band light having a predetermined wavelength as the center in
light of a predetermined wavelength region which is emitted
by a light emitting element is dispersed by the wavelength
variable interference filter and transmitted.

Moreover, the wavelength variable interference filter
according to the invention may be also used as a living body
authentication device, and for example, may be also applied
to an authentication device of a blood vessel, a fingerprint,
retina, iris, or the like using the light of a near-infrared region
or a visible region.

Moreover, the optical module and the electronic device
may be used as a concentration detection device. In this case,
infrared energy (infrared light) which is emitted from a mate-
rial is dispersed and analyzed by the wavelength variable
interference filter, and the concentration of the material to be
detected in the sample is measured.

As described above, the wavelength variable interference
filter, the optical module, and the electronic device according
to the invention may be also applied to any device which
disperses a predetermined light from incident light. More-
over, as described above, since the wavelength variable inter-
ference filter according to the invention can disperse a plural-
ity of wavelengths by one device, the measurement of the
spectra of the plurality of wavelengths and the detection with
respect to the plurality of components can be accurately per-
formed. Therefore, compared to the device of the related art
which extracts a desired wavelength by a plurality of devices,
a decrease in the size of the optical module or the electronic
device can be promoted, and for example, the wavelength
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variable interference filter may be appropriately used for a
portable optical device or an optical device for vehicle.

In addition, the specific structure when the invention is
embodied may be appropriately changed to other structures
or the like within a scope capable of achieving an advantage
of some aspects of the invention.

The entire disclosure of Japanese Patent Application No.
2012-112207 filed May 16, 2012 is hereby expressly incor-
porated by reference herein.

What is claimed is:

1. An optical module comprising:

a wavelength variable interference filter which includes

two reflection films that are opposite to each other across
a gap between the reflection films and an electrostatic
actuator portion which changes an amount of the gap
between the reflection films by applying a voltage; and

a voltage control portion which controls voltage which is

applied to the electrostatic actuator portion,

wherein the electrostatic actuator portion includes a first

electrostatic actuator and a second electrostatic actuator

which can be driven independently of each other, and

the voltage control portion includes:

abias voltage applying unit which applies bias voltage to
the first electrostatic actuator;

a gap detection unit which detects the amount of the gap
between the reflection films; and

afeedback voltage applying unit which applies feedback
voltage corresponding to the gap amount which is
detected by the gap detection unit to the second elec-
trostatic actuator,

wherein a sensitivity of the second electrostatic actuator is

controlled by applying the bias voltage to the first elec-
trostatic actuator.

2. The optical module according to claim 1,

wherein the bias voltage applying unit applies bias voltage,

in which the feedback voltage to set the gap between the
reflection films to a predetermined gap amount becomes
a predetermined voltage value, to the first electrostatic
actuator.

3. The optical module according to claim 2,

wherein the wavelength variable interference filter

includes:

a first substrate which is provided on one of the two
reflection films; and

a second substrate which is provided so as to be opposite

to the first substrate and provided on the other one of

the two reflection films,
the first electrostatic actuator includes:
a first electrode which is provided on the first substrate;
and
a second electrode which is provided on the second
substrate and is opposite to the first electrode across a
gap,
the second electrostatic actuator includes:
athird electrode which is provided on the first substrate;
and
a fourth electrode which is provided on the second sub-
strate and is opposite to the third electrode across a
gap, and
when a spring coefficient of the second substrate is k,
permittivity of the gap is €, an area of a region in which
the first electrode and the second electrode are over-
lapped with each other in a plan view is S, an area of a
region in which the third electrode and the fourth elec-
trode are overlapped with each other in the plan view is
S, aninitial gap amount, which is the amount of the gap
in a state where no voltage is applied to the first electro-

10

15

20

25

30

35

40

45

50

55

60

65

30

static actuator and the second electrostatic actuator, is

d,, ... a displacement amount from the initial gap amount
of the gap to extract light of a target wavelength by the
wavelength variable interference filter is d, and sensitiv-
ity ofthe second electrostatic actuator to displace the gap
by a predetermined amount is R,

the bias voltage applying unit applies a bias voltage V,,
which satisfies the following Equation (1), to the first
electrostatic actuator

M
V=

KR? (A — ) (e =302 ||
_ o _

k 2d(d a4y
E (max_)

4. The optical module according to claim 1,

wherein the feedback voltage applying unit applies analog
voltage to the second electrostatic actuator.

5. The optical module according to claim 1,

wherein the feedback voltage applying unit applies digital
voltage to the second electrostatic actuator.

6. The optical module according to claim 1,

wherein the wavelength variable interference filter
includes:

a first substrate which is provided on one of the two
reflection films;

a second substrate which is provided so as to be opposite
to the first substrate and provided on the other one of
the two reflection films;

a first capacitance detection electrode which is provided
on the first substrate; and

a second capacitance detection electrode which is pro-
vided on the second substrate and is opposite to the
first capacitance detection electrode across a gap, and

the gap detection unit detects the amount of the gap
between reflection films based on an electric charge
which is held in the first capacitance detection electrode
and the second capacitance detection electrode.

7. The optical module according to claim 6,

wherein the first capacitance detection electrode is one of
the two reflection films, and the second capacitance
detection electrode is the other one of the two reflection
films.

8. The optical module according to claim 6,

wherein the second electrostatic actuator is positioned at a
position further away from the first capacitance detec-
tion electrode and the second capacitance detection elec-
trode than the first electrostatic actuator in a plan view.

9. The optical module according to claim 6,

wherein the first capacitance detection electrode and the
second capacitance detection electrode are electrodes
which configure at least one of the first electrostatic
actuator and the second electrostatic actuator of the elec-
trostatic actuator portion.

10. The optical module according to claim 1,

wherein the first electrostatic actuator includes at least two
or more partial actuators which can be driven indepen-
dently of each other.

11. An electronic device comprising:

a wavelength variable interference filter which includes
two reflection films opposite to each other across a gap
between the reflection films and an electrostatic actuator
portion which changes an amount of the gap between the
reflection films by applying a voltage; and

a voltage control portion which controls voltage which is
applied to the electrostatic actuator portion,
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wherein the electrostatic actuator portion includes a first
electrostatic actuator and a second electrostatic actuator,
and
the voltage control portion includes:
abias voltage applying unit which applies bias voltage to
the first electrostatic actuator;

a gap detection unit which detects the amount of the gap
between the reflection films; and

afeedback voltage applying unit which applies feedback
voltage corresponding to the gap amount which is
detected by the gap detection unit to the second elec-
trostatic actuator,
wherein a sensitivity of the second electrostatic actuator is
controlled by applying the bias voltage to the first elec-
trostatic actuator.
12. A food analyzer comprising:
a wavelength variable interference filter which includes
two reflection films opposite to each other across a gap
between the reflection films and an electrostatic actuator
portion which changes an amount of the gap between the
reflection films by applying a voltage;
a voltage control portion which controls voltage which is
applied to the electrostatic actuator portion;
a detection portion which detects light extracted by the
wavelength variable interference filter;
a storage portion which stores information related to a
spectrum of a component of food; and
an analyzing portion which calculates a spectrum from the
light detected by the detection portion and performs a
component analysis of the food based on the information
stored in the storage portion,
wherein the voltage control portion includes:
abias voltage applying unit which applies bias voltage to
the first electrostatic actuator;

a gap detection unit which detects the amount of the gap
between the reflection films; and

afeedback voltage applying unit which applies feedback
voltage corresponding to the gap amount which is
detected by the gap detection unit to the second elec-
trostatic actuator,

wherein a sensitivity of the second electrostatic actuator is
controlled by applying the bias voltage to the first elec-
trostatic actuator.

13. A spectroscopic camera comprising:

a wavelength variable interference filter which includes
two reflection films opposite to each other across a gap
between the reflection films and an electrostatic actuator
portion which changes an amount of the gap between the
reflection films by applying a voltage;

a voltage control portion which controls voltage which is
applied to the electrostatic actuator portion;

an imaging portion which images light transmitting the
wavelength variable interference filter; and

aplurality of lenses which guide image light of an object to
be measured to the imaging portion through the wave-
length variable interference filter,

wherein the voltage control portion includes:
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abias voltage applying unit which applies bias voltage to
the first electrostatic actuator;

a gap detection unit which detects the amount of the gap
between the reflection films; and

afeedback voltage applying unit which applies feedback
voltage corresponding to the gap amount which is
detected by the gap detection unit to the second elec-
trostatic actuator,
wherein a sensitivity of the second electrostatic actuator is
controlled by applying the bias voltage to the first elec-
trostatic actuator.
14. A driving method of a wavelength variable interference
filter which includes two reflection films opposite to each
other across a gap between the reflection films and an elec-
trostatic actuator portion which changes an amount of the gap
between the reflection films by applying a voltage, in which
the electrostatic actuator portion includes a first electrostatic
actuator and a second electrostatic actuator,
wherein the driving method of a wavelength variable inter-
ference filter includes:
applying bias voltage to the first electrostatic actuator;
detecting the amount of the gap between the reflection
films; and

applying feedback voltage corresponding to the gap
amount which is detected by the detecting gap to the
second electrostatic actuator,

wherein a sensitivity of the second electrostatic actuator is
controlled by applying the bias voltage to the first elec-
trostatic actuator.

15. An optical module comprising:

a wavelength variable interference filter which includes a
first reflection film, a second reflection film disposed so
as to be opposite to the first reflection film, and an
electrostatic actuator which changes a gap amount
between the first reflection film and the second reflection
film by applying a voltage; and

a voltage control portion which controls voltage which is
applied to the electrostatic actuator,

wherein the electrostatic actuator includes a first electro-
static actuator, a second electrostatic actuator which can
be independently driven with respect to the first electro-
static actuator, and a gap amount detection portion
which detects the gap amount,

the voltage control portion applies bias voltage to the first
electrostatic actuator and applies feedback voltage cor-
responding to the gap amount which is detected by the
gap amount detection portion to the second electrostatic
actuator, and

a sensitivity of the second electrostatic actuator is con-
trolled by applying the bias voltage to the first electro-
static actuator.

16. The optical module according to claim 15,

wherein the voltage control portion applies bias voltage, in
which a displacement amount of the gap amount with
respect to the feedback voltage applied to the second
electrostatic actuator is linear, to the first electrostatic
actuator.



